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In this study the presence of kynurenine formamidase, an enzyme active in tryptophane
metabolism, was demonstrated in rat skin. The enzyme was partially purified and charac-
terized as to its substrate specificity and its relation to various controlling substances.
Tryptophan is metabolized in the mammalian
organism through two main pathways, the
kynurenine and the serotonin pathways. The
steps of the kynurenine pathway are depicted
in Fig. 1. Kynurenine may be metabolized
further along several different paths. The main
pathway leads through 3-hydroxykynurenine
and 3-hydroxyantranilic acid leading finally to
a complete oxidation, and through one of its
side reactions to niacin ribonucleotide (nico-
tinic acid) (1). Studies concerning tryptophan
metabolism have been carried out mainly with
liver and kidney tissues, as well as with bac-
teria. It is, however, known that several me-
tabolites of tryptophan, especially those of the
kynurenine pathway, are present in the skin.
In the rat skin, L-kynurenine was shown to be
the metabolite present in the highest amount,
with small amounts of kynurenic acid and N
acetyl-L-kynurenine (2, 3, 4, 5). Kynureninc
found in the skin might be formed in the skin
from tryptophan or from formylkynurenine or
be transported to the skin by the circulation.
The formation of kynurenine from trypto-
phan would require the presence in the skin
of tryptophan pyrrolase (tryptophan oxy-
genase, E.C. 1.99.2.c) as well as of kynurenine
formamidase (formamidase, kynurenine formyl-
ase, aryl-formylamine amidohydrolase, E.C.
3.5.1.9) (1), while only the latter enzyme would
be necessary with formylkynurenine as the start-
ing compound.
In this study the presence of formamidase in
rat skin is demonstrated. The enzyme is partially
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Substrates and chemicals
Formylkynurenine, formyl anthranilic acid,
chloroacctyl anthranilic acid, acetyl anilide, chloro-
acetyl anilidc, formyl-1-naphthylamide, and chloro-
acetyl-1-naphthylamide were obtained as presented
earlier (6). For assay purposes the substrates were
dissolved in methanol and then diluted with dis-
tilled water to obtain a stock solution cf suitable
concentration. Other chemicals were of pure grade.
Sodium fluoride and ethylenediaminc tetraacetic
acid (EDTA) were from E. Merck, Darmstadt;
parachloromercuribenzoate (pCMB) from Calbio-
chem, Los Angeles; and diethyl p-nitrophenol
phosphate (E-600, Mintacol®) from Bayer, Lever-
kusen.
Enzyme assay
The assay mixture consisted of 0.1 M Tris-HCl
buffer pH 7.0 (1.0 ml), substrate stock solution
(0.5 ml), and enzyme solution (0.5 ml). Incuba-
tion was carried out in a water-bath at 37°C for
30 mm to 5 h, depending on the substrate (details
given in Results). For the analysis of the effects
of the controlling substances, suitable amounts of
these were added to the incubation buffer. The
Britton-Robinson universal buffer (7) was used
in the studies on the pH dependence of the en-
zymic hydrolysis of substrates. The hydrolysis of
formylkynurenine and formyl anthranilie acid was
followed spectrophotometrically at 360 and 330
nm, respectively. The hydrolysis of the other de-
rivatives of anthranilic acid and of anilides was
determined by adding 2 ml of Erlich's reagent
(p-dimethylaminobenzaldehyde) in 50 per cent
methanol in 1 M acetate-HC1 buffer pH 1.4 (5
mg/ml) and the absorbancy was read in a Beck-
man DB speetrophotometer at 365 nm 15 mm
later. For further details reference is made to an
earlier publication (6). Naphthylamine liberated
enzymically was measured as azo-color using dia-
zonium salt Garnet GBC as coupler (E. Gurr Ltd.,
London). Diazonium salt solution (1.0 ml) pre-
pared in 1 M acetate buffer pH 4.2 (0.25 mg/ml)
was added, and the absorbaney was measured
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purified and its main characteristics are deter-
mined.
MATERIALS AND METHODS
FIG. 1. A scheme of tryptophan catabolism
tissue (see Ref. 1).
spectrophotometrically at 525 nm 15 minutes
later.
The reactions were checked for linearity
throughout the incubation times in the rate meas-
urements. The enzymic activity is expressed as the
rate of substrate hydrolysis in the test conditions
given (nmole/min/mg).
Proteins and chloride determinations
Proteins were estimated according to the prin-
ciples of Lowry et al (8), using bovine serum
albumin (Povite Producten, Amsterdam) as stand-
ard. When assaying solutions with protein con-
centrations lower than 20 g/m1, the original
method was made more sensitive by using a TCA-
precipitation of the proteins from a larger volume,
followed by dissolution of the precipitate in a
small volume of 1 N sodium hydroxide and as-
sayed as suggested by Lowry et al. The concentra-
tion of chloride ion in the fractions from the
DEAE columns was measured according to the
method of Shoenfield and Lewelien (9).
Purification procedure
Homogenate. Skin samples were obtained from
the backs of adult male Long-Evans rats, after
shaving with an electrical clipper. The skin tissue
was minced with scissors and homogenized in ten
volumes (w/v) of ice-cold 10 mM phosphate
buffer pH 8.0, containing 8 per cent potassium
chloride, using an Ultra-Turrax homogenizer(Janke & Kunkel KG., Stauf en i. Br., Germany)
for 1 minute. The homogenate was centrifuged at
10,000 g for 20 minutes at +2°C, and the fiotate
and sediment were discarded. The supernatant
was subj ected to ultracentrifugation at 105,000 g
for 60 minutes at +2°C. The supernatant thus ob-
tained was used for further purification.
Gel filtration. 75 ml of the 105,000 g supernatant
was subj ected to gel filtration on Sephadex G-100
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TABLE I
Summary of the numerical vatues throughout the purification process
Enzymic activity was measured at pH 7.0 with chioroacetyl anthranilic acid as substrate.
Enzyme preparation Volume(ml)
Total
proteins
(mg)
Total
activity
(mU)
Specific
activity
(mU/mg)
Recovery Purification
coefficient
10,000 g supernatant
105,000 g supernatant
Sephadex 0-100, pooled preparation
A. 0—80% ammonium sulphate fraction
Sephadex 0-25, pooled preparation
Brushite chromatography, pooled
preparation
B. IDEAE-cellulose chromatography,
pooled preparation
90
75
150
10
20
36
80
396
300
10.5
4.0
3.0
0.08
0.48
370
344
185
150
125
12
48
0.93
1.14
17.1
37.5
41.6
147.5
100.3
100
93
50
40
34
3
13
1.0
1.2
18.4
40.4
44.7
148.5
110.1
in a column K 100/100 (10 x 100 cm, Pharmacia,
lJppsala) equilibrated with 10 mM Tris-HC1 pH
7.0. The same buffer was used for elution, flow
rate being kept constant with a pump (1.5 mi/mm,
upwards run). Fraction volume was 20 ml, tem-
perature 2°C. The eazymie activity toward for-
mylkynurenine and chloroacetyl anthranilic acid
was assayed in all of the fractions and the en-
zymically active fractions (140—150) were pooled.
Salt precipitation and desalting. Ammonium
sulphate (83.4 g) was added to 150 ml of the
pooled preparation (80% saturation), the solution
was allowed to stand at +4°C overnight, and the
precipitate was removed by centrifugation at
10,000 g for 30 mm. The precipitate was dissolved
in 10 ml of Tris-HC1 buffer 10 mM pH 7.0. For
desalting the preparation was subjected to gel fil-
tration in a column of Sephadex 0-25 (2 x 40 em)
with 10 mM Tris-HC1 buffer pH 7.0 as eluent. The
distribution of the proteins was measured by the
absorbency at 280 nm and the protein-containing
fractions were pooled.
Chromotogrophy on calcium brushite. Calcium
brushite was prepared according to Tiselius et at.
(10), packed in a 5 x 5 cm column and equilibrated
with 2 mM phosphate buffer pH 7.0. A stepwise
elution was carried out using the same buffer at
concentrations of 5, 10, 20, 50, 100, 150 and 250
mM. 200 ml of each buffer was used, and fractions
of 10 ml were collected and tested for enzymic
activitV.
Chromatography on DEAE-cellulose. In a modi-
fied purification procedure the preparation ob-
tained in step 3, i.e. gel filtration on Sephadex
0-100, was subjected directly to chromatography
on DEAE-eellulose. DEAE-cellulose, pretreated
according to Himmelhoeh and Peterson (11), was
packed in a column of 2 x 35 em and was equili-
brated with 10 mM Tris-HCI buffer pH 8.0. A
continuous gradient of NaCl (0—500 mM) in the
above buffer was used for elution. Flow rate was
0.5 ml/min, and the fraction volume 10 ml, tem-
perature 4°C.
Enzyme purification
RESULTS
Purification utilizing Sephadex gel and cal-
ciumbrushite. A purification scheme similar to
that employed successfully for the purifica-
tion of liver formamidase (6, 12) was utilized.
Numerical results throughout the purification
procedure are given in Table I. The numbers
are based on determinations of the enzymie
activity with ehloroaeetyl anthranilie acid as
substrate. At every step the hydrolysis rate
measured with formylkynurenine and ehloro-
aeetyl anthranilie acid showed a constant ratio
of about 100:160. It has been shown earlier
that guinea pig and rat liver formamidase
readily hydrolyse both of these substrates (6,
12). In addition ehioroaeetyl anthranilie acid
has been shown to be hydrolysed by no other
enzyme but formamidase in the rat and
guinea pig liver (6, 12), and the same was
found to be true in the rat skin during this
purification procedure.
The final preparation showed a specific ac-
tivity which was about 160-fold higher than
in the original homogenate, with a yield of 3
per cent. The most effective step for purifi-
cation was gel filtration on Sephadex 0-100,
the result of which is presented in Fig. 2. It
is seen that formamidase activity was eluted
out in the fractions in which the protein con-
centration was very low. A nearly equal gain
in purification was obtained in the chromatog-
raphy on calcium brushite, which is shown in
Fig. 3. The main activity was eluted at a
low buffer concentration.
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Purification employing Sephadex gel and
DEAE-cellelose. The more simple purification
scheme employing DEAE-cellulose chromatogra-
phy gave a better yield, about 13 per cent, but the
purification coefficient was not higher than 110
(Table I), owing to the presence of inert pro-
teins, as seen in Fig. 4. The procedure yielded,
however, more units per volume—about twice
as much—than the ot.her procedure, and was
therefore prefered in subsequent experiments.
The preparation obtained in this way was
used for the enzyme characterizations.
Characterization of the enzyme preparation
pH optimum. Formylkynurenine was hydro-
lysed optimally at pH 7.0, displaying a fairly
broad pH curve, when measured in the Britton-
Robinson buffer using a substrate concentration
of 0.3 mM. Chloroacetyl anthranilic acid was
hydrolysed optimally at pH 7.5 in equal assay
conditions.
Substrate specificity. Chioroacetyl anthranilic
acid was the substrate hydrolysed most readily,
as seen in Table II. Formylkynurenine was
hydrolysed at a rate about one half and formyl
anthranilic acid at about one third and chloro-
acetyl-l-naphthylamide at about one fifth of
the rate obtained with chioroacetyl arithranilic
acid. The rest of substrates were hydrolysed
very poorly. For a direct comparison of these
data with those obtained in identical test con-
ditions with the formamidase in rat liver (12),
figures giving the relative hydrolysis rates of
these substrates are included in Table II.
Since chloroacetyl-1-naphthylamide could be
FRACTION NUMBER
Fm. 2. Gel filtration on Sephadex G-100 of the
105,000 g supernatant of rat skin homogenate.
In the enzyme assay, 0.1 M Tris-HCI buffer pH
7.0 was used, substrate concentration of chloro-
acetyl anthranilic acid was 0.5 mM and that of
formylkynurenine was 025 mM, incubation time 3
hr.
FIG. 3. Calcium brushite chromatography of the
pooled preparation obtained in gel filtration on
Sephadex G-l00. The numbers above the arrows
in the upper part of the figure give the concen-
trations (mM) of phosphate buffer used in the
stepwise elution.
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FIG. 4. DEAE-cellulose chromatography of the
pooled preparation obtained in gel filtration on
Sephadex G-100. In the enzyme assay 0.1 M Tris-
HCl buffer pH 7.0 was used, the concentration of
chloroacetyl anthranilic acid was 0.7 mM and
that of formylkynurenine 025 mM, incubation
time 5 hr.
a potential histochemical substrate for the dem-
onstration of the formamidase in tissue sec-
tions, distribution of the enzymic activity by-
drolysing this substrate was measured in all
of the fractions of the DEAE-cellulose chroma-
tography. The chromatogram obtained showed
three peaks of hydrolysis with this substrate,
the second peak coinciding with the distribu-
tion of the hydrolysis of formylkynurenine.
Michaelis constant for formylicynurenine. In
order to obtain assay conditions with as short
incubation time as possible for reliable meas-
urements of the real initial velocities the pooled
preparation obtained in gel filtration on Seph-
dcx G-25 (step 5.) was used as enzyme prepa-
ration in this experiment. The K,, value ob-
tained was 10 M, as derived from the data
presented in Figure 5.
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TABLE II
The rate of hydrolysis at pH 7.0 of some substrates by the final enzyme
preparation obtained in DEAE-cellulose chromatography
In the last two columns the relative rates of hydrolysis of the substrates by the rat skin preparation
are compared with those obtained with the enzyme from rat liver (12). For each preparation the hy-
drolysis rate obtained with formylkynurenine is marked as 100.
substrate
Substrate
concentration
(mM)
Incubation time
(mm)
Hydrolysis rate
(nmule/min/mg)
Relative hydrolysis rate
Rat skin
enzyme
Rat liver
enzyme(Santti &
Eupsu-Havu,
ret. 12)
Chloroacetyl anthranilic acid
Formylkynurenine
Formyl anthranilic acid
Chloroacetyl-1-naphthylamine
Acetyl anthranilic acid
Formyl-1-naphthylamine
1.50
0.25
1.50
1.50
1.50
1.50
120
300
300
120
300
120
100.3
61.7
30.8
21.4
5.8
1.6
167
100
50
35
0.4
2.6
233
100
55
2.0
5.2
0.5
1j 1mW1
Fio. 5. Determination of Km for the hydrolysis
of formylkynurenine by the enzyme preparatson
obtained in gel filtration on Sephadex G-25. 0.1 M
Tris-llCl buffer pH 7.0, incubatson time 30 mm.
Effect of modifying substances. The effect
of some modifying substances on the hydrolysis
of formylkynurenine and chloroaeetyl anthra-
nilic acid by the rat skin enzyme preparation
is presented in Table III. In the same table
earlier data on rat liver formamidase (12) ob-
tained in identical test conditions have been
reproduced for comparison. Sulfhydryl reagent
p0MB and the metal chelator EDTA had no
effect. An inhibition of about 20 per cent
was obtained with NaF, about half of the ac-
tivity was inhibited by E-600 at 10 M, while
a complete inactivation was obtained at 10-s M.
Enzymic hydrolysis of formylkynurenine and
chloroacetyl anthranilie acid was effected
equally by all of the modifiers. These results
are similar to those obtained with rat liver
formamidase.
DISCUSSION
The purification procedure employing chro-
matography on calcium brushite gave a prepa-
ration with higher specific activity than the
more simple procedure using DEAE-cellulose,
but because of the low recovery percentage it
TABLE III
The effect of some modifying substances on the hy-
drolysis of formylkynurenine and chloroacetyl-
anthranilic acid at pH 7.0 by the rat skin enzyme
preparation
For comparison the data of Saotti and Hopsu-
Havu on rat liver kynurenine formamidase (12)
have been reproduced. The numbers give the
inhibition as percentage of the control value.
Rat skin enzyme Rat liver
enzyme
Modifier Concentra-tion (M) Furmyl-
kyriu-
renine
Cblnrua-
cetyl an-
thranilic
acid
Furmylkynuren-
inc (Santti &
Hopsu-Havu,
ref. 12)
p0MB 10 0 0 0
EDTA 10 0 0 0
NaF 10° 21 10 15
E-600 10—s 42 66 15
E-600 10 100 100 60
—10 10 30 50 100
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is not to be recommended. Since more active
preparations were obtained by using DEAE-
cellulose chromatography, this procedure was
prefered in the repeated experiments.
The final enzyme preparation appeared to
hydrolyse readily formylkynurenine, the phys-
iological substrate for kynurenine formamidase
and even faster rates of hydrolysis were ob-
tained with ehloroaeetyl anthranilie acid as
substrate. Much lower rates of hydrolysis
were measured for several N-acyl derivatives of
naphthylamine and aniline. This kind of sub-
strate specificity profile is identical to that ob-
tained earlier with rat liver formamidase (12),
as given in Table II. These data are also in
agreement with earlier reports on the substrate
specificity of kynurenine formamidase purified
from rat liver (13) and from Neurospora
(14). Further similarities are the pH optimum
at about neutrality, both with formylkynure-
nine as well as with chloroacetyl anthranilic
acid as substrate, as well as the ready inhibi-
tion with organophosphorous compounds, a low
inhibition with fluorine ion, the lack of effect
of pCMB and EDTA, and the similar order
of magnitude of Km for formylkynurenine. These
data suggest the similarity of the purified en-
zyme with kynurenine formnmidase and indi-
cate the presence of kynurenine formamidase
in the rat skin.
The localization of kynurenine formamidase
in the skin structures is unknown and sensi-
tive histochemical methods for its localization
are not available. The fact that chloroacetyl-a-
naphthylamine was hydrolysed fairly fast, sug-
gests the use of this substrate and diazo coupl-
ing for histochemical demonstration of this
enzyme. As pointed out in the section on re-
sults this substrate is, however, hydrolysed by
at least two other enzymes in the skin and
consequently it is not a specific substrate for
kynurenine formamidase. Another difficulty is
that kynurenine formamidase is a soluble en-
zyme which is readily inactivated by diazonium
salts (15, 16).
The presence in the skin of kynurenine
formamidase, an enzyme active in tryptophan
metabolism, is of interest in relation to the
physiology as well as to the pathology of the
skin. As mentioned earlier, a number
of tryptophan mctabolitcs are present in the
skin and, in addition, disturbances in trypto-
phan metabolism have been reported in diseases
with skin manifestations (17, 18). Recently
the role of tryptophan metabolism in psoriasis
has gained special interest since reports of
drastic improvement of the skin condition in
persons with psoriasis after a restriction of the
tryptophan intake has been reported (19, 20).
These observations call for a study on trypto-
phan metabolism, and the enzymes involved,
in the human skin. Studies in this line are in
progress.
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